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(57) ABSTRACT 

An optical transmission apparatus, an optical repeater using 
the optical transmission apparatus, and an optical cross- 
connect equipment for controlling switches depending on 
supervisory information, comprising: a doped fiber for 
amplifying an optical signal of wavelength Xd; a wavelength 
multiplexer for outputting a pumping light to the doped 
fiber; a wavelength multiplexer for multiplexing an ampli- 
fied optical signal and a supervisory optical signal to as to 
output it to an optical fiber at downstream side; a pumping 
and supervisory light source; an optical coupler for distrib- 
uting the light from the light source at a ratio of N: 1 to the 
wavelength multiplexers; and a driver for controlling the 
light source by adding the supervisory information and a 
direct current signal. 
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OPTICAL TRANSMISSION APPARATUS AND 
OPTICAL SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to an optical transmission 

apparatus, an optical repeater and an optical cross-connect 
equipment, and in particular, relates to an optical transmis- 
sion apparatus, an optical repeater and an optical cross- 10 
connect equipment, each having an optical amplifier by 
means of an optical fiber doped with Erbium, etc., therein. 

2. Description of Related Art 

In a network constructed by connecting a plurality of node 
equipment, normally, there is used an optical transmission is 
apparatus in the node equipment thereof, each having an 
optical amplifier which is formed with optical fiber doped 
with Erbium, etc. (hereinafter, it is called "doped fiber") and 
a pumping light source therein. Such the optical transmis- 
sion apparatus, receiving a data optical signal and a super- 20 
visory optical signal, which are different in wave-length 
thereof to each other and are supplied from an upper stream 
side, amplifies the data optical signal for outputting it to a 
downstream side thereof. Alternatively, the optical transmis- 
sion apparatus, taking it into the node equipment of itself, 25 
also has a function of receiving the supervisory optical 
signal and outputting a new supervisory optical signal to a 
downstream side thereof, or of outputting the data optical 
signal, on which data from inside of the node equipment of 
itself is carried, to the downstream side. The optical trans- 30 
mission apparatus in accordance with the related prior art, 
for achieving the functions mentioned in the above, is so 
constructed that it comprises two light sources, i.e., a 
pumping light source for pumping the doped fiber and a light 
source for the supervisory optical signal. 35 

The optical transmission apparatus in accordance with the 
related prior art must have at least two kinds of light sources, 
therefore, it has drawback that components of the total 
optical transmission apparatus become very large in the 
number as well as becoming complex in the construction 40 
thereof. 

SUMMARY OF THE INVENTION 

An object is, in accordance with the present invention, for 45 
dissolving the drawbacks in the conventional related arts 
mentioned in the above, to provide an optical transmission 
apparatus, an optical repeater, an optical cross-connect 
equipment, a node equipment, and an optical network, 
which can be simplified in construction to be cheaply 50 
constructed. 

In accordance with the present invention, the above 
mentioned object is accomplished by an optical transmitting 
apparatus, comprising: one or more of doped fibers for 
amplifying an input data optical signal by a pumping light; 55 
and an optical wavelength multiplexer for outputting a 
supervisory optical signal, which is different from the data 
optical signal in the wavelength thereof, being multiplexed 
with the data optical signal outputted from the one or more 
of doped fibers, wherein a common light source is provided, 6 q 
i.e., for the pumping light source, as well as for the optical 
source of the supervisory optical signal. 

Further, the object mentioned above is also achieved by 
the optical transmission apparatus, which further comprises 
an optical coupler for distributing the output light emitted 65 
from the common light source for the pumping and the 
supervisory optical signal as mentioned in the above, to the 
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2 

one or more of doped fibers and to the optical wavelength 
multiplexer, wherein the common light source is so con- 
trolled that it outputs a light modulated by a supervisory 
information, alternatively, which further comprises a modu- 
lator for modulating a light depending on the supervisory 
information, positioned between the optical coupler and the 
optical wavelength multiplexer, wherein the common light 
source for the pumping and the supervisory optical signal is 
so controlled that it outputs a light at a constant output by a 
direct current signal. 

Further, the object mentioned in the above is also 
achieved by the optical transmission apparatus, which fur- 
ther comprises an optical wavelength multiplexer for divid- 
ing the inputted optical signal into the supervisory optical 
signal and the data optical signal, and a receiver of the 
supervisory optical signal. 

In accordance with the present invention, the object 
mentioned in the above is achieved an optical cross-connect 
equipment having optical switches, each having a plurality 
of input terminals and output terminals, and a controller for 
controlling the optical switches, further comprising the 
above-mentioned optical transmission apparatus being con- 
nected to the plurality of input terminals of the optical 
switches and to the plurality of output terminals thereof, 
respectively, or alternatively, further comprising a plurality 
of data signal transmitters and a plurality of data signal 
receivers, which are connected to the input terminals of the 
optical switches, thereby controlling the optical switch, the 
data signal transmitter, the data signal receiver and .the 
plurality of optical transmission apparatuses by the 
controller, or, by providing the common light source for 
pumping of the doped fiber and for supervisory optical 
signal which are necessary for the optical transmission 
apparatus, in common with the plurality of optical transmis- 
sion apparatuses. 

Further, the above-mentioned object is also achieved by 
an optical cross-connect switch, comprising: an optical 
circuit, which includes a plurality of input and output 
terminals for the optical signals; and a controller for con- 
trolling the optical circuit, wherein the optical circuit 
includes a wavelength multiplexer, a wavelength divider, an 
optical amplifier, or a regenerator other than the optical 
switches. 

Further, the above-mentioned object is achieved by an 
optical network constructed by connecting a plurality of 
node equipment through optical fibers therebetween, 
wherein each of the plurality of node equipment is con- 
structed with the optical cross-connect equipment men- 
tioned in the above, or alternatively, by providing an optical 
repeater which includes the above-mentioned optical trans- 
mission apparatus on the way of transmission path or line 
with the optical fibers connecting between those node equip- 
ment. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of showing an exemplary basic 
structure of an optical transmission apparatus in accordance 
with the present invention; 

FIG. 2 is a block diagram of showing another exemplary 
basic structure of an optical transmission apparatus in accor- 
dance with the present invention; 

FIG. 3 is a block diagram of showing other exemplary 
basic structure of an optical transmission apparatus in accor- 
dance with the present invention; 

FIG. 4 is a block diagram of showing further other 
exemplary basic structure of an optical transmission appa- 
ratus in accordance with the present invention; 
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FIG. 5 is a block diagram of showing an exemplary ing the optical transmission apparatus, and an optical net- 
structure of an optical transmission apparatus in accordance work using the optical repeater(s), in accordance with the 
with the present invention; present invention, will be given by referring to attached 

FIG. 6 is a block diagram of showing another exemplary drawings, 

structure of an optical transmission apparatus in accordance 5 FIG. 1 is a block diagram of showing basic structure of the 

with the present invention; °P tical transmission apparatus in accordance with an 

i-t^ - - - - . e . _ , embodiment of the present invention; and FIG. 2 is a block 

FIG. 7 is a block diagram of showing other exemplary ^ of ^ bafiic q{ ^ ^ 

structure of an optical transmission apparatus in accordance lransmissioD apparatus in accordancc Wllh cmbodi . 

with the present invention; ^ ment of me present ^ FJGS x and 2> a referenC e 

FIG. 8 is a block diagram of showing further other numeral 11 denotes a doped fiber which is doped with 

exemplary structure of an optical transmission apparatus in Erbium, etc., 12 and 14 wavelength multiplexers, 13 an 

accordance with the present invention; isolator, 15 an optical coupler, 16 a pumping and supervisory 

FIG. 9 is a block diagram of showing an exemplary light source, 17 a driver, 18 a bi-directional wavelength 

structure of an optical repeater in accordance with the 15 multiplexer In those FIGS. 1 and 2, however, the optical 

present invention; transmission apparatus in accordance with the embodiment 

FIG. 10 is a block diagram of showing another exemplary of the present invention is shown only by functions of 

structure of an optical repeater in accordance with the amplification and transmission of a data optical signal and of 

present invention; transmission of a supervisory optical signal, and is able to be 

FIG. 11 is a drawing for explaining an example of an 20 used as an apparatus of the transmitter side having data to be 
optical transmission system which is constructed by use of transmitted therefrom. A function of receiving the supervi- 
se optical repeater in accordance with the present invention; sor y si S nal * omitted here to be shown, however, this 
<• • j . p , ■ • i r function can be added as a conventional element or com- 

FIG. 12 is a drawing for exp laming an example of an * f th 

optical cross-connect equipment in accordance with the p0 ?f n 0 . e a PP ara s \ t 

present invention - 25 optical transmission apparatus shown in FIG. 1 is 

~~ iL 1f constructed with: the doped fiber 11 which amplifies the data 

FIG. 13 is a drawing for explaining another example of an 4 . . . . - . r iL . j , . . r „ « c 

optical cross-connec. equipment to accordance £ith the °P ,ca ^ *!f ^velength hi wh.ch is inputted from the 

resent invention- optical fiber of an upper stream side, by inputting a pumping 

p ' light into the doped fiber; the wavelength multiplexer 12 

FIG. 14 is a drawing for explaining an exemplary struc- 3Q which m u the pumping Ughi ioto me doped fiber U; the 

ture of an optical circuit of the optical cross-connect equip- Qptical 13 which transmits te data optica] signal 

ment m accordance with the present invention; amplified by the wavelength multiplexer 12 into a predeter- 

FIG. 15 is a drawing for explaining another exemplary mined direction, i.e., only into a right-hand side direction in 

structure of an optical circuit of the optical cross-connect me exa mple shown in the figure; the wavelength multiplexer 

equipment in accordance with the present invention; 35 14 which multiplexes the amplified data optical signal and 

FIG. 16 is a drawing for explaining other exemplary the supervisory optical signal of wavelength \p and outputs 

structure of an optical circuit of the optical cross-connect it to an optical fiber at a downstream side; the pumping and 

equipment in accordance with the present invention; supervisory light source 16 which emits a light of wave- 

FIG. 17 is a drawing for explaining further other exem- length Xp for both pumping and supervision purposes; the 
plary structure of an optical circuit of the optical cross- 40 optical coupler 15 which distributes the pumping and super- 
connect equipment in accordance with the present invention; visory light from the light source 16 to the wavelength 

FIG. 18 is a drawing for explaining further other exem- multiplexers at a certain ratio N:l; and the driver 17 in which 

plary structure of an optical circuit of the optical cross- a supervisory information and a direct current signal are 

connect equipment in accordance with the present invention; added to cach other to control the light source 16. Further, 

FIG. 19 is a drawing for explaining further other embodi- 45 ^ b ™f P 0! f ™ ed bet ween the wavelength multiplex- 

ment of the optical cross-connect in accordant* with the ers 12 ™ d }* m instruction mentioned m the above, the 

present invention* optical isolator 13 can be disposed differently in position 

• . ' - , • • , , thereof, or can be omitted not to be used therein. 

FIG 20 .s a drawmg for explaining the exemplary struc- Furthe ^ wave i ength multiplier 12 , ,he wavelength 

ture of a supervisory signal receiving/transmitting apparatus mu]ti lexer 14 ^ ^ ^ , er ls can be formed ^ 

the resem inve r nu^° n,leCl ^ m accordanCe w,th an single body as an optical circuit 10. 

e present invention, A feature of the optical transmission apparatus shown in 

FIG. 21 is a drawing for explaining further other exem- nG x fa accordance with me t ^mion lies in that 

plary structure of an optical circuit of the optical cross- ^ ^ fof umping the doped fiber u ^ that for the 

connect equipment in accordance with the present invention; 5S supervisory ^r^on are supplied only by a common 

FIG. 22 is a drawing for explaining further other example ^ SO urce, i.e., the pumping and supervisory light source 

of the optical cross-connect equipment in accordance with 15 Namely, the pumping and supervisory light source 16 

the present invention; and outputs a light of wavelength >.p which can be used for the 

FIG. 23 Ls a drawing of showing an example of the optical purposes of the pumping of the doped fiber and for the 

network constructed with the node equipment which are <so supervisory information. This light is divided at the constant 

constructed by using the optical cross-connect equipment in ration N: 1 predetermined by the optical coupler 15 in power 

accordance with the present invention. thereof, and the divided portion of "N" of the light is applied 

through the wavelength multiplexer 12 into the doped fiber 
11 for pumping thereof. The remaining u \" portion of the 
65 light, as the supervisory optical signal, is inputted into the 

Hereinafter, detailed explanation of the embodiments of wavelength multiplexer 14 with the data optical signal 

an optical transmission apparatus, an optical repeater includ- which is inputted through the isolator 13, after being 
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amplified, then they are Xmultiplexed to be outputted to the ing on the supervisory information, in the optical transmis- 

optical fiber at the downstream side. Here, the "N" is a sion apparatus explained in FIGS. 1 and 2, however, in the 

number of the ratio which is determined between the power optical transmission apparatus explained in FIGS. 3 and 4, 

of pumping light necessary for the doped fiber and that for the modulator for the supervisory information is provided 

the supervisory optical signal, and it generally lies from 10 s separately, and it operates in the same manner as those 

up to several hundreds. Further, as a matter of course, the shown in FIGS. 1 and 2. 

output light power of the pumping and supervisory light ™ . ' . ' . , . CTO - . 

source 16 muitbe more man the suri of the power necessaVy ™< «P^cal trammission apparatus shown in FIG. 3 m 

for pumping of the doped fiber and that necessary for the accordance with the embodiment of the present invenUon lS 

supervisory optical signal. n basicall y samc to mat shown m HG however, it differs 

iyi . , . v , ' . 11 j from that shown in FIG, 1 only in an aspect that the 

Trie pumping and supervisory light source 16 is controlled , . 4 - ft - , . A . J . 

u j • a% t.- u ,l . . ■ i modulator 19 for modulating the input light depending on 

by the driver 17 which receives the direct current signal DC 4 . ■ c . . f JL - *u 

J . iL - . r 4 . c . . i- the supervisory information is inserted between the wave- 

and the supervisory information, therefore, output bent , _ jl _ r lt . / - n . , . , , t 

, i ii t _ ji/jt. iL r t>" length multiplexer 14 for multiplexing the amplified data 

thereof results to be modulated by the supervisory »• i ■ w i j\ j *i_ • *- i 

. r „ , . n j t_ it j* a, \ optical signal (wavelength ha) and the supervisory optical 

information, as well as be controlled by the direct current 1C T . . * . 4 iL ( . , CL ; t1 _ . ; 

, • iL iL c a ^ £ iL ii* signal so as to output to the optical fiber at the downstream 

signal DC in the power thereof . A part of the output light is .5 , 4 . , , r , . . 

• « j • * *v 1 1 -t j .i. side, and the optical coupler 15 tor distributing the output 

inputted into the wavelength multiplexer 14, as the super- v . r w , ( , # . *• xn r ft. 

" .1-1 , . j . , ! f. light from the light source 16 at the constant ratio N:l for the 

visory optical signal, as mentioned m the above, together °^ ? • j r iL ■ r 

. , \, r , , 1 - 1 • . 1 ■ . „ , . °. . purposes of pumping and for the supervisory intormation. 

with the data optical signal which is inputted through the u .1 *u j • *i ■ *u- u j ■ * ■ 1 

. | ^ . • i-c j j « . . . f,. Consequently, the driver 17 in this embodiment is only 

isolator 13, after being amplified, and then it is outputted to nn ? « ♦ 1 *u * *u *- ♦ r u* p #u 

iL ,« j * j & u • 20 enough to control the power of the output light of the 

the optical fiber at the downstream side, after being multi- " , • 1* u* « u *u » 

1 j • ,* w-i ,1 f 4 . j 1 * j *• 1 pumping and supervisory light source 16 by the direct 

plexed with it. Further, a portion of the modulated optical r TT *l i. ,l »• 1 • 1 * ■ 

r t 4 . i* j * «l. j j -* -1 f • tU ^ current DC. However, though the optical isolator is not 

output is applied to the doped fiber 11 for pumping thereof, , . - . . ... 4 r . , . 

. r v . . r iL ■ • r ■ shown in FIG. 3, it is also possible to provide it in the same 

however, since a bit rate of the supervisory information is , . !, r 

1 ,l j . c U -m . , -.u o f.u manner as shown in FIG. 1. 

low, the doped fiber 11 is pumped up without influence of the „ 

modulation by the pumping light. ^ °P tical transmission apparatus shown in FIG. 4 in 

In the optical transmission apparatus shown in FIG. 2, in accordance with the embodiment of ^the present invention is 

accordance with the embodiment of the present invention, a basically same to that shown in FIG. 2, however, it differs 

bi-directional wavelength multiplexer 18 is alternatively from , that ^ m F] '. 2 1D ? J*?* , 

provided in place of those wavelength multiplexers 12 and 30 modulator 19 for modulating the input light depending on 

14 and the optical isolator 13 which are provided in the the supervisory information is inserted between the input 

optical transmission apparatus explained in FIG. 1, and the ^ ermina ! ot t the supervisory optical signal on the 

remaining portions other than the above are constructed in bi-directional wavelength multiplexer 18 and the | optica 

the similar manner. In the optical transmission apparatus of ^upler 15 for distributing the output light from the light 

the present embodiment, the bi-directional wavelength mul- 35 sourcc 16 at the constant raUo N:l for the purposes of 

tiplexer 18 supplies the output light from the pumping and P^P 1 ^ ai ^ for ^ supervisory information. Consequently, 

supervisory light source 16, which is divided by the optical mc ^ 17 m this f f^odiment is also only enough to 

coupler 15, to the doped fiber 11 as the pumping light, while contro1 the P ower of th 7^ ht of me ^ um ^ and 

outfitting the amplified data optical signal and the super- supervisory hght source 16 by the direct current DC. 

visory optical signal from the pumping and supervisory light 40 Wlth me embodiments shown in FIGS. 3 and 4 in accor- 

source 16, which is divided by the optical coupler 15, to the d*nc& with the present invention, since the pumping and 

optical fiber at the downstream side. Moreover, the supervisory Hght source 16, in particular, the output light for 

bi-directional wavelength multiplexer 18 and the optical pumping thereof is not modulated, it is possible to pump up 

coupler 15 can be formed in a single unit or body as the the doped fiber 11 with pure pumping light, as well as to 

optical circuit 10. 45 pump up the doped fiber with certainty even when the bit 

According to the embodiments shown in FIGS. 1 and 2 of rate of supervisory information is risen up. Further, 

the present invention, the single pumping and supervisory 15 explained as a signal of single wavelength in the 

Hght source 16 can be commonly used as the light source for construction shown in FIGS. 3 and 4, however, the data 

pumping the doped fiber 11 and as the light source for the °P tical ^S™ 1 can be a si g° al of wavelength multiplexed, 

supervisory information, thereby obtaining the optical trans- 50 FIG. 5 is the block diagram of showing the basic structure 

mission apparatus of simple in the construction thereof. of the optical transmission apparatus in accordance with 

Further, though the data optical signal is explained as a other embodiment of the present invention. In FIG. 5, 

signal of single wavelength in the construction shown in reference numerals llc-lla denote the doped fibers, 

FIGS. 1 and 2, however it can be a signal of wavelength 12a-12/i the wavelength multiplexers, 20 a star coupler, and 

multiplexed. 55 the others are the same to those in FIG. 3. This embodiment 

FIG. 3 is the block diagram of showing the basic structure of me present invention is an example obtained by applying 

of the optical transmission apparatus in accordance with mc embodiment shown in FIG. 3 to a practical use, and in 

other embodiment of the present invention, and FIG. 4 is particular, applying the present invention to the optical 

also the block diagram of showing another example of the transmission apparatus of a wavelength multiplexer type, 

basic structure of the optical transmission apparatus in 60 The optical transmission apparatus shown in FIG. 5 is 

accordance with the other embodiment of the present inven- constructed with: a plurality of doped fibers lie— 11a for 

tion. In FIGS. 3 and 4, a reference numeral 19 denotes a amplifying a plurality of data optical signals of wavelength 

modulator, and the other reference numerals denote the same ^-Xo^, respectively; wavelength pultiplexers 12fl-12n 

as in FIGS. 1 and 2. Although the supervisory information provided corresponding to the respective doped fibers 

is inputted into the driver 17 for controlling the pumping and 65 lla-lln, for supplying the pumping light to those doped 

supervisory light source 16 so as to modulate the output light fibers lla-11/* and for transmitting the amplified data opti- 

from the pumping and supervisory hght source 16 depend- cal signals; a wavelength pultiplexer 14 for multiplexing the 
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amplified data optical signals and the supervisory optical only the single pumping and supervisory light source 16, and 
signal of wavelength Xp so as to output it to the fiber at the is further possible to obtain an effect that the light source can 
downstream side; a modulator 19 for modulating the input be used commonly for the supervisory information, 
light depending on the supervisory information so as to send However, the light waves of Xkdj and Xd 2 can be trans- 
it to the wavelength pultiplexer 14; a star coupler 20 for S mitted into both directions by one piece of optical fiber. In 
distributing the output light from the pumping and supervi- that case, on both sides, i.e. the right-hand side and the 
sory light source 16 to those wavelength pultiplexers left-hand side of the optical transmission apparatus shown in 
12a-12n and the modulator 19; the pumping and supervi- FIG. 6, there must be added devices or elements which can 
sory light source 16 for emitting the light of wavelength Xp perform combining and/or dividing of the light waves of hd 1 
in common for the pumping and the supervising; and the 10 and Xd^, respectively. Further, though the data optical signal 
driver 17 for controlling the power from the output light of is explained as a signal of a single wavelength in the 
the light source 16 upon application of the direct current construction shown in FIG. 6, however, it also can be a 
signal DC. signal of wavelength multiplexed. 

However, though the data optical signals are explained as Further, this embodiment can be applied to the optical 

the signals of wavelength Xdj-Xd,, in the structure shown in 15 transmission apparatus of the wavelength multiplexed type 

FIG. 5, however, each of those data optical signals of shown in FIG. 5, thereby enabling construction of a 

wavelength Xdj-Xd n can be a wavelength multiplexed bi-directional optical transmission apparatus of wavelength 

signal, respectively. multiplexed type. 

In the above-mentioned embodiments shown in FIGS. FIG. 7 is the block diagram of showing the other con- 

1-5, if the doped fibers lla-lln are the doped fibers doped 20 struction of the optical transmission apparatus in accordance 

with Erbium, a light of wavelength Xp of a band 1 ,48 fan or with the embodiment of the present invention, wherein the 

0.98 ^m is used as the pumping light and the supervisory reference numerals are same to those in FIG. 3. 

optical signal, and in this case, as the data optical signals of [ n the respective embodiments of the present invention 

wavelength Xd^Xo^, is used a light of wavelength band of wn ich are explained heretofore, though the data optical 

1.5 /an. signal and the supervisory optical signal are same in the 

With the embodiment of the present invention shown in direction of transmission, however, in the present embodi- 

FIG. 5, in addition to the effects obtained with the embodi- ment of the invention, the transmission direction of the 

ment shown in FIG. 3, it is possible to pump up the plurality supervisory optical signal is reversed to that of the data 

of doped fibers only by provision of the single pumping and 3Q optical signal. 

supervisory light source 16, and also possible to obtain an xhe optical transmission apparatus shown in FIG. 7 in 

effect that the light source can be shared in commonly also accordance with the embodiment of the present invention 

for the supervisory purpose. differs from that shown in FIG. 3, in an aspect that the doped 

FIG. 6 is the block diagram of showing the other con- fiber is provided at the output side of the data optical signal 

struction of the optical transmission apparatus in accordance 35 and that the modulator 19 for the supervisory information is 

with the embodiment of the present invention. In FIG. 6, a provided between the wavelength multiplexer 14 at the input 

reference numeral 11* denotes a doped fiber, 12' and 14* side and the coupler 15, however, the rests of it are same to 

wavelength multiplexers, and the other reference numerals those shown in FIG. 3 in the construction thereof. With the 

are same to those in the case of FIGS. 3 and 5. This optical transmission apparatus of such construction as 

embodiment of the present invention is also a practical 40 shown in FIG. 7, the supervisory optical signal which is 

application of the embodiment shown in FIG. 3, in modulated upon the supervisory information through the 

particular, being applied to the bi-directional optical trans- modulator 19 can be transmitted into the reversed direction 

mission apparatus. opposing to that of the data optical signal through the 

In the optical transmission apparatus shown in FIG. 6, wavelength multiplexer 14. 

wherein the data optical signals of wavelengths Xd a and Xd 2 45 Further, though the data optical signal is explained as a 

are transmitted into directions opposing to each other signal of a single wavelength in the construction shown in 

through the independent optical fibers, in particular, a relay FIG. 7, however, it also can be a signal of wavelength 

portion for amplifying the data optical signal to relay, which multiplexed. 

is constructed with the doped fiber 11, the wavelength FIG. 8 is the block diagram of showing the other con- 

multiplexers 12 and 14 and the modulator 19 to relay, is 50 struction of the optical transmission apparatus in accordance 

completely same to that of FIG. 3. However, it differs from with the embodiment of the present invention, wherein the 

that of FIG. 3, in that there are provided the doped fiber 11', reference numerals are same to those in FIG. 6. With this 

the wavelength multiplexers 12' and 14' and the modulator embodiment of the present invention, it is possible to pump 

19'. The embodiment of the present invention shown in FIG. up the doped fiber from both directions thereof. 

6, in common for those, is constructed with a star coupler 20 55 [ n the optical transmission apparatus shown in FIG. 8 in 

for distributing the output light from the pumping and accordance with the present invention, a portion which is 

supervisory light source 16 to the wavelength multiplexers constructed with the doped fiber 11, the wavelength multi- 

12 and 12* and the modulators 19 and 19', the pumping and plexers 12 and 14 and the modulator 19 for amplifying the 

supervisory light source 16 for emitting a light of wave- data optical signal of wavelength Xd to relay is completely 

length Xp for pumping and for supervising signal, and the 60 same to that shown in FIG. 3. However, it differs from that 

driver 17 for controlling the power of output light of the light of FIG. 3, in that there is further provided the wavelength 

source 16 upon application of the direct current signal DC. multiplexer 12' at a front stage of the doped fiber 11, into 

With the embodiment of the present invention shown in which the input data optical signal and the pump optical 

FIG. 6, in addition to the effects obtained with the embodi- signal are inputted. The embodiment of the present invention 

ment shown in FIG. 3, it is possible to pump up the two 65 shown in FIG. 8, in common for those, is constructed with: 

doped fibers for amplifying the data optical signals to be a star coupler 20 for totributing the output light from the 

transmitted into the opposite directions, by a provision of pumping and supervisory light source 16 to the wavelength 
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multiplexers 12 and 12' and to the modulator 19; the verted into the electric signal through the supervisory infor- 

pumping and supervisory light source 16 for emitting a light mation receiver so as to be inputted to the controller 94. 

of wavelength Xp for pumping and supervising; and the Further, the data optical signal of wavelength Xd, together 

driver 17 for controlling the power of output light of the light with the pumping light from the pumping light source 

source 16 upon application of the direct current signal DC. 5 emitting the light of wavelength Xp, is applied to the doped 

With this construction, the doped fiber 11 is pumped up in fiber 11 through the wavelength multiplexer 12 so as to be 

both directions by the wavelength multiplexers 12 and 12\ amplified and inputted into the optical transmission appa- 

therefore it is possible to obtain a large optical amplification ratus 91. The controller 94 for controlling the optical 

factor therewith. Further, in this construction, a series con- repeater as a whole produces an electric supervisory 

nection of two pieces of the doped fibers 11 can be provided i° information, on the basis of the supervisory information 

at positions shown in the drawing, therefore it is possible to &om the supervisory information receiver 93, so as to be 

obtain a further large optical amplification factor therewith. transmitted to a back stage thereof, i.e., to be sent out to the 

With the embodiment of the present invention shown in °P tical transmission apparatus 91. The optical transmission 

FIG. 8, it is possible to amplify the data optical signal with a ?P aratus 91 > as 15 e 1 x P lai l ned Previously, produces the super- 

the large amplification factor by the provision of only one of 15 visory optical signal on the supervisory ^formation from the 

the pumping and supervisory light source 16, and is further contr ° Uer 9 *> transmits 1 ll . mt0 ^ downstream side 

possible to obtain an effect that the light source can be to S elher mih data °P tlcal S1 § nal whlch 15 m P mted 

shared in common also for the purpose of supervision. Though it is explained that the pumping light source 95 is 

Further, though the data optical signal is explained as a nn P rovided for pumping the doped fiber 11", however this 

signal of a single wavelength in the construction shown in 20 1W* ^ s<mrcc 95 can ^ uscd m com i mon ^ 

FIG. 8, however, it also can be a signal of wavelength P™Pmg and supervisory light source which is provided 

multiplexed within the optical transmission apparatus 91, therefore, it 

„ ' . - * . * • A . can be omitted by connecting the wiring as shown by a 

The respective embodiments of the present invention , , .. . ft 

i • j l . * i * j »• 1 * dotted line in MLr. y. 

explained heretofore are explained as the optical transmis- „ 

sion apparatus having only a function of amplification and In ^ °P tical re P eater shown m FIG - 10 111 accordance 

transmission of the input data optical signal and the trans- ™ ih the embodiment of the present invention, the doped 

mission of the supervisory optical signal. Next, an embodi- *}* r n "> wavelength multiplexer 12" and the pumping 

ment of an optical repeater will be explained, in which there ^ source 95 which m shown m nG - 9 are deleted > 

is farther provided a taction of t^ 30 therebv > omittin g ^ he amplification function of the data 

information from the optical transmission apparatus at the °P tlcal si e naJ therefrom. This example is preferably to be 

upper stream side thereof, in addition to the above- a PP Ued to when the °P ticaJ transmission apparatus 91 is 

mentioned optical transmission apparatus in accordance constructed with the doped fiber having enough amphfica- 

with the respective embodiments of the present invention. tl0D factor > and 15 able to be constructed with simple 

rr^. n • ii_ t_i i j* r u • *u * ctu construction, in comparison with the doped fiber shown in 

FIG. 9 is the block diagram or showing the structure or the 35 & *• *u e w>-*u 

. a * j *!, ... * r FIG. 9, but with obtaining the same function thereof. With 

optical repeater in accordance with the other embodiment 01 , ' 4 . • i-r^o n j 1 * 

tt f r , . pip m • *u ui 1 _ c the embodiments shown in FIGS. 9 and 10, a complete 

the present invention. FIG. 10 is the block diagram of . 4 A . , , 4 . . ' . *\ , 

, . r lL »• 1 • optical repeater having the function or taking-in or the 

showing another structure of the optical repeater in accor- r r . . & . ■ j • .u . *• 

dance £iih the embodiment of the present invention. Id ^TJTS T, , Slm f , m constru , ctl f ° n 

those FIGS. 9 and 10, a reference numeral 11" denotes the 40 Fur her > * e data optical a^ can be a s.gnal of a 

, j«u ntuu , .u n- i ja^u single wavelength or wavelength multiplexed signal with 

doped fiber, 12" the wavelength multiplexer, and further a , ? , . v f c . . , r u . & , A 

/ * . ft1 , . ~. which a plurality of wavelength signals are multiplexed, 

reference numeral 91 denotes the optical transmission appa- r J & &- r 

ratus which is explained as the embodiments heretofore, 92 Further, though it is explained that the optical transmis- 

a wavelength de-multiplexer, 93 a supervisory information sion apparatus having the structure of the embodiment of the 

receiver, 94 a controller, and 95 a pumping light source. 45 P resent invention shown in either one of FIGS. 1 to 4 and 

THe optical repeater shown in FIG. 9, in accordance with FIG U « ? sus f " * e Emission apparatus ; 91 in the 

the embodiment of the present invention, is constructed by embodiments of the present invention shown m FIGS. 9 and 

providing: the doped fiber 11"; the wavelength multiplexer 10 > ho J™ x > m w*™* ^Ih the present invention, it is 

12" for inputting the data optical signal and the pumping P 0SSlb J e to usc u m ? other opUcal transmission apparatus m 

i- u. * *u „ ■ v u* „ ne * * tu ^ a /k accordance with the embodiment of the present invention 

light from the pumping light source 95 into the doped fiber 50 , . . . , , . . . . 

the wavelength de-multiplexer 92 for dividing the data wh / ch 1 1 f ^° shown m Cll ^ er ° nc ° f F ^ GS - 5 ° 7 ;. as ^ e 

optical signal of wavelength Xd and the supervisory optical °P tlca ^ transmission apparatus 91, foerebv constructing he 

signal of wavelength Xp from the input optical signal; the optical transmission apparatus of the wavelength multiplex 

supervisory information receiver 93 for receiving the super- ^ the optical transmission apparatus of the bi-direction 

visory optical signal and converting it into an electric signal 55 ^ ^ ^ optical transmission apparatus of a type for 

so as to deliver it to the controller; and the controller 94 for transmitting the supervisory optical signal mto the direction 

controlling the totality thereof, at the input side of the optical °PP osm S to that of the data optical signal, 

transmitter apparatus 91 having such the construction of the FIG - 11 shows the view of a transmission system which 

embodiments of the present invention as explained by ^ constructed with the optical repeaters in accordance with 

referring to FIGS. 1 to 4 and FIG. 8. In the embodiment of 60 the embodiment of the present invention, which is explained 

the present invention shown in FIG. 9, the optical signals, heretofore. In FIG. 11, a reference numeral 111 denotes an 

including the data optical signal and the supervisory optical optical transmission apparatus of transmitter side, 112 a 

signal from the other optical repeater which is connected at controller, 113-115 optical repeaters, and 116 an optical 

the front stage thereof but not. shown in the drawing, are transmission apparatus of receiver side, 

divided into the data optical signal and the supervisory 65 In FIG. 11, the optical transmission apparatus 111 of the 

optical signal through the wavelength de-multiplexer 92. transmitter side, which is provided at a transmitter end of the 

The supervisory optical signal of wavelength Xp is con- data, is provided with the data optical signal from the data 
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signal transmitter not shown in the drawing, as well as the As the plurality of optical repeaters 122-1-122-d which 

supervisory information in a form of electric signal from the are connected to the output terminal of the optical switch 

controller 112. As this optical transmission apparatus 111 of 123, in the example shown in FIG. 12, are used those, each 

the transmitter side, one of the optical transmission appara- 0 f which is explained in FIG. 1. As those optical repeaters 

tuses in accordance with the embodiments of the present s 122-1-122-n, also the optical transmission apparatuses 

invention, which are explained in FIGS. 1-4 and FIG. 8 can which arc plained in FIGS. 2-4 and FIG. 8 can be used, 

be used. The optical transmission apparatus 111 transmits r « . , A . A , . 

, . , . • u . * • j i_ • *u In the optical cross-connect equipment being so con- 

the optical signal which is obtained by amplifying the t , r . . 4 . . ^ * « 

A f , , A °^ 4 . . . , , iL J • i structed as mentioned in the above, the controller 124 

mputted data optical signal and the supervisory optical . . . c . c 

. . , . * . . -j- .- r .i_ receives the supervisory information, which is divided from 

signal modulated on the supervisory information from the in 4 , ■ * i ■ ** j . i_ *• i * j • 

& . „ in , , • - .g..^ f 10 the optical signal inputted to each optical repeater and is 

controller 112, to the optical transmission apparatus 116 of _ j • . .l. i .- i _• .- i 

. .j i i . . , converted into the electric signal, from respective optical 

the receiver side through transmission line of the optical 4 - j * \ *i_ .* i tl m 

c , . , ,. . -n*. * ,L _• i repeaters 122-1-122-n, and controls the optical switch 123 

fibers including the optical repeaters 113-115. As the optical r .. . . . . - r , . . 

j- .l -• i - r iL on ibe basis of the supervisory information and other control 

repeaters 113-115, one of the optical repeaters of the . f . , r . ... ' , , . , - , c 

r , ,. . r .• i j ■ n mformation. thereby output ung the data optical signals trom 

embodiments of the present uivention explained in FIGS. 9 « . , . ; n ; - * f 

. - rt . j j 35 the optical repeaters 121-1-121-n to the optical repeaters 

and 10 can be used, and the apparatus 116 of the receiver / r - . . . , „ £ t f . 

•j . , . i • j * 122-1-122-n of the output side. Further, after treating the 

side is constructed with the optical repeater explained in , . . c 

™^ « L . -v . .. • - - ni received supervisory information with the necessary 

FIG. 9, but omitting the optical transmission apparatus 91 . f, / u ^-^ . . .- 

c . ... _ r t . c , , £ L ..... processing, the controller 124 distributes the respective 

thereof, wherein the output light of the doped fiber 11 is . . c . 4 . , , m i m 

. F , & . . u -.uc supervisory mformation to the optical repeaters 122-1-122- 

connected to the data signal receiver not shown in the figure. on ... . „• .. • j v 

™ h fi t . . , . # & , , 20 n, thereby controlling the pumping and supervisory light 

The apparatus 116 of the receiver side can be constructed ... & -j 1 • .u «• *• i 

-*u *u *• i * | • j • 1A ... . sources 16 which are provided m the respective optical 

with the optical repeater explained in FIG. 10 without the r r r 

optical transmission apparatus 91 thereof. Further, though is ^ 

explained as the signal of a single-wavelength in the con- Further > in casc that such me °P tical transmission appa- 

struction shown in FIG, 11, the data optical signal also can „ ratuses as explained in FIGS. 3, 4 and 8 are used as the 

be the wavelength multiplexed signal. °P tical repeaters 122-1-122-n, it is only enough for the 

FIG. 12 is an explanatory view of an example of the CODtroUer 124 contro1 m T e modulator 19 depending on the 

optica cross-connect equipment which is constructed with supervisory ^formation, to that case, the pumping and 

the optical repeaters of the embodiment of the present s »P e ™ or y sources 16 in the optical transmission 

invention mentioned heretofore. In this FIG. 12, a reference 30 explained m FIGS. 3, 4 and 8 can be rep ace by 

numeral 121-1-121-n and 122-1-122-n denote the optical a single hght source bemg pro^ 

repeaters, 123 an optical switch, and 124 a controller. °P tlcal ^2-1-122-n, and it is also possible to use 

r __ , e . . i , . ™- . this single hght source in common as the pumpmg light 

The example of the equipment shown m FIG. 12 is the f t , & . i - 1 ^ n 

. f F t . t_*i_L'u ■ *i_ i source for the optical repeaters 121-1-121-n as well. 

optical cross-connect equipment which builds-in the optical „,...., 

repeaters of the respective embodiments of the present 35 Wlln lhe optical cross-connect eqmpment so constructed 

invention mentioned in the above, and this cross-connect ™ mentioned previously, the optical switches and the large 

equipmentisconstructedwith:theopticalswitch 123 having nm **> tr of °P Ucal re P eaters "n be controlled by the 

a large number of optical switching elements and mnctionof sm & c controller, and, of course depending on the output 

switching the optical signal so that the optical signal can be P ower of ^ ^ hx ^ ^ J 1 ^ 1 saam can ^° ^ e 

transmitted from any input terminal to any output terrninal; ,0 uscd m com 1 mo u n 15 me P um P m .S ^ source u as 1 w f 35 thc 

a plurahty of optical repeaters 121-1-121-n which are supervisory light source. In addition thereto, this light source 

connected to those plurality of input terminals; a plurality of also can be used "? ^ th th u e lar 8 e number ° r f ^ e 

optical repeaters 122-1-122-n which are connected to those °P tlcal re P eaters > ,f ablm g the construction of the 

plurality of output terminals; and the controller 124 which equipment cheap and small in size, 

controls the totality of those. 45 Further, though the data optical signal is explained as a 

The optical switch 123, since it is constructed with the si S nal of a sin g le wavelength in the construction shown in 

large number of the optical switching elements in an inside FIG -. 12 > however il also caQ be a si &* 1 of wavelength 

thereof, causes an insertion loss of light. Therefore, the multiplexed. 

plurality of optical repeaters 121-1-121-n, which are con- In case that the data optical signal is the signal of 

nected to the input terminal of the optical switch 123, are so wavelength multiplexed, it is enough to provide a wave- 

preferabie to have a function of optical amplification, and, in length divider between the optical repeater 121 and the 

the example shown in FIG. 12, the optical switch 123 is optical switch 123 and to provide a wavelength adder 

constructed with the optical repeaters explained by FIG. 9, between the optical switch 123 and the optical repeater 122, 

being omitted by the optical transmission apparatus thereof, thereby enabling realization of change-over by an unit of 

thereby, the output lights of the doped fibers 11 * are con- 55 light in the optical switch. In that case, since the number of 

nected to the optical switch 123. However, the pumping light tbe optical signals to be changed-over is increased, therefore 

sources 95 which are contained in the plurality of optical it is necessary to enlarge the scale of the optical switches 

repeaters 121-1-121-n can be replaced by one pumping light 123- 

source which is provided in common and shared with all of Next, other optical cross-connect equipment in accor- 

the optical repeaters 121-1-121-n. Further, in case that the 60 dance with the present invention will be explained by 

levels of the data optical signals which are inputted to the referring to FIGS. 13 through 18. FIG. 13 shows another 

optical repeaters 121-1-121-n are large, the optical repeaters example of the optical cross-connect equipment constructed 

121-1-121-n have no necessity to have the amplification with the optical repeaters of the embodiment of tbe present 

function. In that case, as the optical repeaters 121-1-121-n invention explained heretofore. In FIG. 13, reference numer- 

can be used the optical repeaters, each construction of which 65 als 121-r-121-n' and 122-1-122-n' denote the optical 

is explained in FIG. 10, but omitting the optical transmission repeaters, 16' the supervisory light sources, 125 an optical 

apparatus 91 thereof. circuit including the optical switches, and the other reference 
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numerals are same to those attached in FIG. 12. Embodi- 
ments of the optica] circuit are shown in FIG. 14 through 18. 

In the optical cross-connect equipment explained in FIG. 
12, if the level of the data optical signal which is inputted/ 
outputted to the optical repeaters 121 is large and if the 
insertion loss of the optical switch 123 is small, it is not 
necessary for the optical repeaters 122 to have the function 
of amplification. The optical cross-connect equipment 
shown in FIG. 13 is an example of that in which no such 
amplification function is provided in the optical repeaters. 
Namely, the optical cross-connect equipment shown in FIG. 
13 is constructed with the optical repeaters 121 -1-121 -n' 
and 122-1-122-n' which have no amplification function, 
whereas each of the optical repeaters 121-1-12 1-n' has a 
function of dividing and receiving the supervisory optical 
signal, while each of the optical repeaters 122-1-122-n' has 
a function of multiplexing and sending of the supervisory 
optical signal and the data optical signal. Therefore, the light 
source 16' included in each of the optical repeaters 122- 
1-122-n' is used only as the supervisory light source. 
Terefore, the wavelength Xs of the light source can be 
selected in 1.3 /im band or in 1.5 ^m band (for example, at 
1.51 /im) where showing low loss in the transmission line, 
outside of the band-width of Erbium doped fiber, or within 
the band -width of the Erbium doped fiber as well. Further, 
it can be selected at the wavelength 1.48 /tm being same to 
that of the pumping light source. 

Within the supervisory optical signal sent from the upper 
stream, there is included a control signal of the optical 
circuit 125, therefore, by this control signal, it is possible to 
control the optical switches, the optical amplifiers, the 
regenerators, etc., included in the optical circuit. In the same 
manner, it is also possible to include the control signal for 
the cross-connect equipment within the supervisory optical 
signal to be to the downstream side thereof. 

Various examples of the optical circuits, which can be 
applied to the optical cross-connect equipment in FIG. 13, 
are shown in FIGS. 14 through 18. The optical circuit 125-1 
shown in FIG. 14 is an optical matrix switch of (m^+m^xn 
construction. The optical circuit 125-1 changes over WDM 
signals all together. For instance, in case that m w pieces of 
the working fibers and m r pieces of protection fibers are 
connected at the input terminal of the optical circuit 125-1, 
and when the optical fibers or the optical cables are cut 
down, the optical circuit 125-1 changes over the transmis- 
sion lines from the working fibers where any obstruction or 
trouble occurs to the normal protection fibers, by the control 
of the controller 124, thereby, enabling the realization of 
restoration from the obstruction or trouble. 

Here, the optical switch used in the optical circuit can be 
a blocking type or non-blocking type. Further, it does not 
matter even if the number of the inputs and the number of 
the outputs of the optical circuit are same to or different to 
each other. Furthermore, the WDM signal is explained as 
uni-directional one, in the example mentioned in the above, 
but it can be a signal of a single or uni-wavelength, or a 
bi-directional signal. 

The optical circuit 125-1' shown in FIG. 15 is an optical 
matrix switch of Q'xfm^'+nV) construction. The optical 
circuit 125-1' also changes over the WDM signals all 
together. For instance, in case that mj pieces of the working 
fibers and m/ pieces of protection fibers are connected at the 
output terminal of the optical circuit 125-1', and when the 
optical fibers or the optical cables are cut down, the optical 
circuit 125-1 changes over the transmission lines from the 
working fibers where any obstruction or trouble occurs to 


the normal protection fibers, by the control of the controller 
124, thereby, enabling the realization of restoration from the 
obstruction or trouble. 

Here, the optical switch used in the optical circuit can also 
5 be a blocking type or non-blocking type. Further, it does not 
matter even if the number of the inputs and the number of 
the outputs of the optical circuit are same to or different to 
each other. Furthermore, the WDM signal is explained as 
uni-directional one, in the example mentioned in the above, 
1° but it also can be a signal of a single wavelength, or a 
bi-directional signal. 

The optical circuit 125-2-1 shown in FIG. 16 is con- 
structed with a wavelength demultiplexer 201, an optical 
matrix switch 123 of (m^ . . . +m M )x(m 1 '+m n ') construction, 
15 and a wavelength multiplexer 202. The optical circuit 125- 
2-1 de -multiplexing the inputted WDM signals in the wave- 
length thereof performs the change-over for each 
wavelength, and multiplexes in the wavelength for provid- 
ing an output. This has a function of setting a transmission 
20 line for each wavelength. In FIG. 16, the de-multiplexing in 
the wavelength is shared by the plurality of wavelength 
multiplexing circuits 201 and 202, however it can be shared 
by the wavelength de-multiplexer circuit 201 and the wave- 
length multiplexer circuit 202. Here, the optical switch 123 
25 is controlled by the controller 124 shown in FIG. 13. The 
optical switch used in the optical circuit can be a blocking 
type or non-blocking type. Further, it does not matter even 
if the number of the inputs and the number of the outputs of 
the optical circuit are same to or different to each other 
30 Furthermore, the WDM signal is explained as uni- 
directional one, in the example mentioned in the above, but 
it can also be the signal of a single wavelength, or the 
bi-directional signal. 
35 The optical circuit 125-2-2 shown in FIG. 17 is an 
improved one of the optical circuit 125-2-1 shown in FIG. 
16, thereby being applicable to an optical fiber transmission 
of long distance. Therefore, between the wavelength 
de-multiplexer 201 and the optical matrix switch 123 of 
40 (m 1 + . . . +m n )x(m 1 '+m„ t ) construction, or between the 
optical switch 123 and the wavelength multiplexer 202, 
there is inserted the regenerator 205 or the optical amplifier 
204 for each wavelength. Furthermore, at the front stage of 
the wavelength de-multiplexer 201 or the back stage of the 
wavelength multiplexer 202, there is inserted the optical 
amplifier 203 for each the WDM signal. 

The output wavelength of the regenerator 205 can be 
either of being variable or fixed. Further, it does not matter 
if it is the same to that of the input wavelength or not. The 
50 optical amplifiers 203 and 204 are controlled in the output 
power thereof, depending on the change in the bit rate of the 
optical signal. Here, the optical switch 123, the regenerator 
205, and the optical amplifiers 203 and 204 are controllable 
by means of the controller 124 shown in FIG. 13. The optical 
55 switch used in the optical circuit can be also of a blocking 
type or non-blocking type. Further, it does not matter even 
if the number of the inputs and the number of the outputs of 
the optical circuit are same to or different to each other. 
Furthermore, the WDM signal is explained as the uni- 
60 directional one in the example mentioned in the above, but 
it also can be the signal of a single wavelength, or the 
bi-directional signal. 

FIG. 18 shows the other embodiment of the optical 
circuit. The optical circuit 125-3-1 is constructed with 
65 combination of the optical circuit 125-1 and the optical 
circuit 125-2 (-1 or -2), and the optical circuit 125-1'. With 
this construction, the change-over by an unit of the WDM 
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signal is first performed by the optical circuit 125-1 with light. One example of this is shown in FIG. 21 of an optical 

respect to the input of the WDM signal, then the change-over circuit, in which the uni-directional optical circuit shown in 

by an unit of the individual wavelength is performed by the FIG. 18 is used as one for the bi-directions. 

optical circuit 125-2-1 or 125-2-2. Finally, the change-over f n FIG. 21, the optical circuit 125-3-2 is constructed by 

by an unit of the WDM signal by the optical circuit 125-1' 5 combining the optical circuit 125-1, the optical circuit 125-2 

is performed for sending out thereof. (.1 0 r -2), and the optical circuit 125-1'. With this 

With the optical circuit 125-3-1, it is possible to realize construction, the change-over by an unit of the WDM signal 

the functions of the optical circuit 125-1, the optical circuit is performed by the optical circuit 125-1 with respect to the 

125-2 and the optical circuit 125-1', at the same time. input of the WDM signal, then, the change-over by an unit 

Namely, the restoration from the obstruction or trouble, io 0 f the individual wavelength is performed by the optical 

including cut down of the optical fibers or the optical cables, circuit 125-2-1 or 125-2-2 for sending out thereof, 

and the setting of transmission lines by an unit of the Witn tne optical circuit 125-3-2, it is possible to realize 

wavelength can be realized. me functions of the optical circuit 125-1, the optical circuit 

The operation of the optical circuit 125-3-1 is controllable 125-2 and the optical circuit 125-1', at the same time, 

by the controller shown in FIG. 13. 15 Namely, the restoration from the obstruction or trouble, i.e., 

Other embodiments of the cross-connect equipment of the the cut down of the optical fibers or the optical cables, as 

present invention will be explained by referring to FIGS. 19 well as the setting of transmission lines by an unit of the 

through 21. FIG. 19 is for explaining the other example of wavelength can be realized. 

the bi-directional optical cross-connect equipment which is The operation of the optical circuit 125-3-2 is controllable 

constructed with the optical repeater of the embodiment of 20 by the controller shown in FIG. 19. The optical switch used 

the present invention. In FIG. 19, supervisory information in each optical circuit also can be of a blocking type or 

transmitter/receiver 126-1-126-n, 126-l'-126-n' pick up or non-blocking type. Further, it does not matter even if the 

extract the wavelength of the supervisory optical signals number of the inputs and the number of the outputs of the 

from the optical signal inputted from the optical fibers by the optical circuit are same to or different to each other, 

de-multiplexing of the wavelength, and they insert the 25 Although the reference numeral 125-3-2 is attached to the 

supervisory optical signals into the optical signals to be optical circuit for the purpose of explanation thereof, how- 

outputted to the optical fibers by the multiplexing of the cver thc optical cifcuit 125-3-2 is basically same to the 

wavelength. optical circuit 125-3-1 shown in FIG. 18: On the contrary, 

FIGS. 20 A and 20 B show the constructions of the 3Q this means that also the optical circuits shown in FIGS. 14 

supervisory information transmitter/receiver 126 and 126'. through 16 can be used in the optical circuits for the 

The signal from the optical fiber passes through a wave- bi-directions. 

length multi/de-multiplexer 127 and is divided by the super- FIG. 22 shows the further other example of the optical 

visory optical signal therefrom through the optical repeater cross-connect equipment constructed by using the optical 

121. The supervisory optical signal is converted into the 35 transmission apparatuses of the embodiments of the present 

supervisory electric signal to be sent to the controller 124. invention which are explained heretofore. In FIG. 22, 

On the contrary to this, the signal from the optical switch reference numerals 131-1-131-n denote data signal 

passes through the wavelength multi/de-multiplexer 127 and transmitters, 132-1-132-n data signal receivers, 133- 

mulliplexes the supervisory optical signal, which is obtained 1-133-n and 134-1-134-n the optical transmission 

by the conversion of the supervisory electric signal from the 4Q apparatuses, 135 the optical switch, and 136 the controller, 

controller 124 iin the optical repeater 122 so as to send U o^^ ^ le of ^ ^ ^.^^ equ i pment 

to the optical fiber. Further, as shown in FIGS. 20C and 20D, shown in mQ ^ fe such ^ ^ dcal U!insmission 

the construction omitting the wavelength multi/ a tuses of me respective embodiments of the present 

demultiplexer 127 thereof is also possible^ In that case, as meQlioned above ^ the data si al lransmitter 

are apparent from those FIGS. 20C and 20D, it does not 45 afld ^ datft ^ d rcceivcr afe flnd it ^ 

^ Vfl ° r l er ^f ?^ n of ° f thC °P Ucal ; e P eaters with: the optical switch 135 having the similar function as 
121-1', 122-1* and 121-2', 122-2' is reversed upside-down. cxplained in FIG. 12; thc plurality of data signal transmitters 
The wavelengths Xs and Xs* of the light sources included 131-1-131-n; the data signal receivers 132-1-132-n; the 
in the optical repeaters 122 can be selected in the 1.3 /mi plurality of the optical transmission apparatus 133-1-133-n, 
band or in the 1.5 /mi band (for example, 1.51 ftm) where 50 134-1-134-n; and the controller 136 for controlling all of 
showing low loss in the transmission line, outside of the thosc j^t ph^ty of optical transmission apparatuses 
band-width of the Erbium doped fiber, or within the band- 133-1-133-n which are connected to the output terminals of 
width of the Erbium doped fiber as well. Further, it can be th e optical switch 135 are used as those for transmitting the 
selected at the wavelength 1.48 /im being same to that of the data optical signals and the supervisory optical signals, and 
pumping light source. 5S one of u, osc explained in FIGS. 1-4 and FIG. 8 can be used 
Within the supervisory optical signal sent from the upper for them. Further, the plurality of optical transmission appa- 
stream, there is included the control signal of the optical ratuses 134-1-134-n which are connected to the output 
circuit 125, therefore, by this control signal, it is possible to terminals of the optical switch 135 are used as those for 
control the optical switch, the optical amplifier, the receiving the data optical signals and the supervisory optical 
regenerator, etc., included in the optical circuit. In the same 60 signals, and as those can be used the optical repeaters 
manner, it is also possible to include the control signal for explained in FIGS. 9 and 10, but deleting the optical 
the cross-connect equipment into the supervisory optical transmission apparatus 91 thereof. Further, as is previously 
signal to be sent out to the downstream side thereof. mentioned, it is possible to connect the data signal trans- 
It is apparent mat the example of me optical circuit which mitters 131-1-131-n and the data signal receivers 132- 
is applicable to the optical cross-connect equipment shown 65 1-132-n, directly, so as to use them as the repeater. In FIG. 
in FIG. 19 can be any one of those optical circuits which are 22, an example of the direct connection of the data signal 
shown in FIGS. 14 through 16, from the reversibility of transmitter 131 -n and the data signal receiver 132-n is 
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shown by a broken line. Further, the optical transmission The network mentioned in the above can be constructed 

apparatuses 133-1-133-n can be replaced by the optical cheaply, by using the optical transmission apparatuses of the 

transmission apparatuses 122 -1-122 -n' shown in FIG. 13, respective embodiments in accordance with the present 

and in the same manner, the optical transmission apparatuses invention, and the optical repeaters including the optical 

134-1-134-n can also be replaced by the optical transmis- $ transmission apparatuses and the optical cross-connect 

sion apparatuses 121 -1-121 -n' shown in FIG. 13. equipment using those optical repeaters, as a whole thereof. 

Furthermore, the data signal transmitter and the data Further, in the same manner as mentioned in the expla- 
signal receiver can be different in the transmission bit rate, nations of FIGS. 1 through 13 and 22, the data optical signal 
respectively. The controller 136 is able to control the output can be the signal of a single wavelength also in the con- 
power level and the gain of the optical transmission appa- 10 struction shown in FIG. 23, or it can be the signal of the 
ratus depending on the transmission bit rate. wavelength multiplexed. 

With the optical cross-connect equipment being so con- As is fully explained in the above, in accordance with the 
structed as mentioned in the above, the optical switches, the present invention, the single light source for pumping and 
large number of the optical transmission apparatuses, the supervisory information can be used in common, i.e., as the 
data signal transmitter and the data signal receiver can be light source for pumping up the doped fibers in the optical 
controlled by the only one of the controller. Since only one transmission apparatus, as well as the light source fpr the 
light source can be shared or used in common, as the supervisory information, thereby, enabling a simple con- 
pumping light source and as the supervisory light source struction of the optical repeater including the optical trans- 
which are necessary for the optical transmission apparatus, mission apparatuses Further in accordance with the present 
and further this light source also can be used in common on mention, in case that the plurality of the optical transmis- 

with the large number of the optical transmission 20 s /> n apparatuses m !fn ' °Z ^ ^ tbat tbc P/^* of 

e •* • -i_t . 4 doped fibers are provided within a single optical transmis- 

apparatuses therefore it is possible to construct the appa- ^ ^ [{ % ^ Me to ob *J n a £ effect that the 

ratus cheaply and with small size. plurality of doped fibers can be pumped up only by provid . 

Further, though the data optical signal is also explained as mg the s i n gi e light source which is provided for the pumping 

a signal of a single wavelength in the construction shown in 25 ^ supcr visory information, furthermore that the light 

FIG. 22, however it can be the signal of the wavelength source also can be used for the supervisory information, 

multiplexed. gy constructing the optical cross-connect equipment with 

The optical cross-connect equipment shown in FIGS. 12, the optical transmission apparatuses) in accordance with the 

13, 19 and 22 are preferably used for constructing the node present invention, the optical switches and the large number 

equipment of the optical network, which can be constructed 30 of the optical transmission apparatuses, which are included 

by connecting the plurality of node equipment through the in the inside of the optical cross-connect equipment, can be 

optical fibers to one anther. Further, various concrete con- controlled by the single controller, and the single light 

structions have been already known for such the node source can be share or used in common, as the pumping light 

equipment which can be used in the optical cross-connect source and as the supervisory light source and it further can 

equipment 35 be m common tne lar S e number of the optical 

nG.23showsanexampleofanopticalnetworkwhichis Emission apparatuses, therefore the apparatus can be 
constructed with the optical repeaters and the node equip- constructed small in size and with cheap, 
ment which are constructed with the optical cross-connect Further > constructing by using the optical transmission 
equipment constructed by using the optical repeaters. In this apparatuses in accordance with the present invention and the 
FIG. 23, reference numerals Nl-N-5 denote the node equip- *o node equipment comprising the optical cross-connect equip- 
ment. The optical network shown in FIG. 23 is constructed ment whlch ^ the °P tlcal transmission apparatuses in 
by connecting the plurality of node equipment Nl-N-5 one accordance with the present invention, the optical network 
another through the plurality of optical fibers in a net-like can be constructed cheaply as a whole, 
manner, each of which transmits the signals in bi-directions. As the relevant art relating to the optical repeater, there 
In general, the transmission of the signal through the optical 45 has been already known a technology described in U.S. Pat. 
fiber can be achieved at a distance of about 70 km, without No. 5,550,756, therefore, the disclosure of which is hereby 
provision of the relay amplifier on the way thereof, however incorporated by reference. Further, as the relevant art relat- 
the relay amplifier is necessary if the distance between the m to the optical cross-connect equipment, there has been 
node equipment becomes further than that. In the example already known a technology described in Japanese Patent 
shown in FIG. 23, the relay amplifiers indicated by a mark 50 Application Nos. Hei 9-33779 (1997) and Hei 9-39238 
A are provided on the way of the optical fibers, appropri- ( 1997 ) which wil1 be ^ed in U.S. as U.S. Patents) 
ate jy corresponding thereto in near future, therefore, the disclo- 

Each of the node equipment Nl-NS provided within the sures of which m hereb y incorporated by reference, 

network is constructed with the optical cross-connect equip- ^ claimed is: 

ment explained in either one of FIGS. 12, 13, 19 and 22 . 55 An optical cross-connect equipment comprising: 
Further, as the light relay amplifiers which are provided on an optical circuit including an optical switch which has a 
the way of the optical fibers of the transmission line, one of plurality of inputs and a plurality of outputs and 
the optical transmission apparatuses which are explained in exchanges connection between said plurality of inputs 
FIGS. 1-4 and 8-10 can be used, or, also can be used the and said plurality of outputs for optical signals; 
optical repeaters explained in FIGS. 9 and 10, but deleting 60 a first optical transmission apparatus which includes a 
the optical transmission apparatus therefrom. As the light wavelength demultiplexer, a supervisory information 
relay amplifiers provided on the way of the optical fibers can receiver, and an optical amplifier and which is con- 
be used also a light relay amplifier which is described in U.S. nected to one of said plurality of inputs of said optical 
Pat. No. 5,500,756. Further, as the light relay amplifier, the switch; 

optical transmission apparatus explained in FIG. 6 can be 65 said wavelength demultiplexer outputs a supervisory op ti- 

used, by making the optical fibers one by one as a set, by cal signal to said supervisory information receiver and 

which the signal is transmitted in opposing directions. outputs a data optical signal to said optical amplifier; 
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a second optical transmission apparatus being connected 
to one of said plurality of outputs of said optical switch 
wherein said second optical transmission apparatus is 
comprised of an optical transmitter for converting a 
second supervisory electric signal from said controller S 
into a second supervisory optical signal and for sending 
out said second supervisory optical signal; 

a wavelength multiplexer for multiplexing the data signal 
from said optical circuit and the second supervisory 
optical signal; and 10 

a controller for controlling said optical switch on a basis 
of information from one of said supervisory informa- 
tion receiver. 

2. An optical cross-connect according to claim 1, wherein 

a wavelength of said second supervisory optical signal is 15 
selected from one of 1.3 pan band, 1.5 /an band, and a 1.48 
jum wavelength. 

3. An optical cross-connect equipment according to claim 
1, further comprising a control signal contained within said 
supervisory optical signal for controlling various compo- 20 
nents of said optical circuit. 

4. An optical cross-connect equipment comprising: 

an optical circuit including an optical switch which has a 
plurality of inputs and a plurality of outputs and 25 
exchanges connection between said plurality of inputs 
and said plurality of outputs for optical signals; 
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a plurality of first optical transmission apparatus each of 
which include a wavelength demultiplexer, a supervi- 
sory information receiver, and an optical amplifier, 
where each of said first optical transmission apparatus 
is connected to one of said plurality of inputs of said 
optical switch; 

said wavelength demultiplexer outputs a supervisory opti- 
cal signal to said supervisory information receiver; 

a plurality of second optical transmission apparatus being 
connected to each one of said plurality of outputs of 
said optical switch wherein said second optical trans- 
mission apparatus is comprised of an optical transmitter 
for converting a second supervisory electric signal from 
said controller into a second supervisory optical signal 
and for sending out said second supervisory optical 
signal; 

a wavelength multiplexer for multiplexing the data signal 
from said optical circuit and the second supervisory 
optical signal; and 

a controller for controlling said optical switch in response 
to information from one of said supervisory informa- 
tion receivers. 

* * * * * 
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